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abstract 

Research was conducted t, use w^therTorlci^g 

system, together wil:h companion d 2 ta ' ±n re £ftion to field mill readings, 

and advisory applications o ' rnaR and LDAR in relation to radar 

lightning flash and stroke detection ^s^g L DAR,anC The res earch 

reflectivity patterns and KSC wind Pro f i^ roateJialS that can be used 

is aimed at advisories for daiiy 

ground S|I”ti”“ ^launches by NASA and the United States Air Force. 

During the summer of 1993. LDAR < Jf t ° n »e“ 

thunderstorm days and compared^ g h data were re-examined during 1994 

Location and Protection (gPJsystem^^Th^^^ J t ^ ms continU ally throughout the 

day 1 and*" avoid 1 «rtain interpretation Scheme to^use 

“Snt — — 


During the summer of 1994, extensive “4jSS”oT tlloiTo g Tcll 
collected for 16 thunderstorm days, ^P^ dl ^? d ted to relate the occurrence 
situations. Detailed case studies .are being ^ndu c ted Jo rel^^ pield mi u 

of LDAR to the radar structure a^ wlutio complementary nature of LDAR and 
(LPLWS) data are being examined to eval £ a *;. •_ ^ ending of the ground strike 
LPLWS data in determining the tiroes J^inn 9 lightning flash and stroke 
threat at critical sites. A computer used to help locate the 
discrimination algorithm has been e s ^elp distinguish in-cloud, cloud- 
points of origin of the electrical ^targes, whence threat of ground 
ground, and upward flashes, and perhaps determine “ ding an d KSC wind 
strikes has ceased. Surface wind ^wer (i^net) ' rad ^ t icipate the timing and 
profiler data will be used to develop s n f ^^^this data will continue 
location of new thunderstorm development. Analysis ot tnis 

in graduate student research projects. 
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SUMMARY 

Lightning Detection and i Ranging (LDJR) ^ 

of cloud-ground strikes relative to the area P freauent in-cloud and cloud- 
sometimes related to ground strikes “t “ ' to cllTter the LDAR data points 

cloud discharges . Extensive soft' h d track their movements. The 

into LDAR-de fined thunderstorros nui^( srt henw Location and Protection 

locations of ground strikes &£<****% LD^^toS Ni^ety-eight percent of the 
(LLP) system were then ^ OIt l^ r . d boundaries of the LDAR storms or within 2 km 
ground strikes occurred within the b°unda mod est position mislocations by the 
If their edges. The 2 km ^rg in allows Jor mo, ^ted ground strikes whose lower 
remote sensing systems (primarily ) system. For individual storms, 

portions are not typically ■<£££ ^ the ^ ^ first ground strike. 

An extrapolation scheme which used 

predict future ground strike locations was exam growth factor was 

for forecasts of less than 10 ^ /ivtna so^what proved results in forecasts 
also incorporated into ' | Q minutes, however, the extrapolation scheme 

longer than 5 minutes. Beyond 10 - 20 minutes, “ ' fc l _ Further analysis 

would not prove acceptable as . ^^^^^d reSsSLbly well once the day's 
revealed that this type of . ^^J^v ^ev^i durinl the first half hour-- 
thunderstorm activity was w ®^^ n . ra Ji dl J increasing- -the forecast problem is 

t?w£« ^ 'thunderstorm cells will form, r.ther then on. 
of extrapolation of existing storms. 

Software was written to examine ' ^ill°d^?eSpment . 

S^SS lS5ni!tLr^?SSus S ^ C foS d to test the software. Analyses of 
these data sets will continue. 

LDAR has been superimposed on Initfa^exSpl^ Sve been 
lightning pattern to thunders first LDAR events in storms with respect 

presented showing the location ° . , , t _ i oca tion just above the highest 

to radar reflectivity patterns, typically . . f \ m icroburst-producmg 

f^il^rifSd «vS or debris clouds. Examples are shown. 

Software was written to identify indiv ^g j 1 1 lp ^dent i f y Tsolated ground 

the volume of LDAR data. This can be used to help ^ y ^ LDAR _ detecte d 

strikes from anvil using LD ^ , identify the three-dimensional positions 
flashes and strokes can be used Centers within thunderstorms, and can be 

?Il^ e dTo U r^r“dep“SSonJ TS. VSo » precipitation structure in these 
regions* Examples are shown. 

The generation of training materials has also been an o^^ g ^ ven to 

ss “5J2ES:i2S? “ th * wlied 

MetXrSlUJ onit. and to the NASA Weather Prelects Office. 
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I . INTRODUCTION 

7777, %7 a coi.rs £ e S ,' a haiari that' ^TurtihedYf 7S 

Sri-^STS' a77^ t a n7„rsLr, r to = ^ 17a SSK 7- 

JSSSS .°4e l u 3 S a g «l S tf l |7 research £=£-•» “£ £&SK 

Sf«S!S a of < Ti g^^bfw^he/foSc.sters who issue lightning advisories. 

Special networks of remote sensing equi^ent l«ve ^en e stablished f to^pi ^ 
highly accurate information concerning lightning in Detection and 

Lightning Location and Protection (LLP) * *&£££ (SSS) . In 

Ranging (LDAR) system, and a Launch Pad L^tning (CWLIS) detects 

addition, a Catenary Wire Lightning ° lightning. The 

f irs^two Vs U t2^ S detect^lightning signatures . 

s&S'UKSLrs 

the LLP, LPLWS, and LDAR systems were used m this stuay. 


1.1 THE LDAR AMD LLP SYSTEMS AND DATA PROCESSING 
The LLP system (ref 4> detects lightning ground 1st. Tikes 

position accuracy of about 1 km. 

“ST. S 7tennTe S 7^%;£C^TnH^ i^l! 

ISly ^raY.^^hr^ 

The lightning-induced disturbance, travelling at the sp. eed ® L times. The 

The LDAR system can generate up to 10 000 data points ?Jf ^”^3 Se 

(events) during one minute, projected to their posi . . rplative 

77hf .77 e "so7 d oi t\^tu“17u7n y g S.TJ r.» LDhK data. 

this research. LDAR data were composited into a four -dimensional a y, 
consisting of the number of LDAR events within a minute and a v °^®* 

1993 (ref. 6) the volume was a cube having sides of length 1 km. Arr ^ tr^nnth 
extended from 52 km west of the LDAR oentr.l sit. to 52 km east, from 40 to south 
to 40 km north and from 0 to 20 km in elevation. During 1994, the volumes used 
were rectangular wafers 1 km 2 in cross-section and covering the same domain, b 
0.25 km in vertical thickness, extending from 0 to 2.Z Km. 
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STORM 2 ° ^ s - At ” 

LDAR cubes ^ ^ \ 

superimposed on > 

LDAR data points 

\ 

>RM 1 

d\ 

A 

DAY 173, 22 JUNE 1593 f— 

1830 UTC 

° \ 


Figure 1-1- LDAR cubes superimposed on LDAR data points used in LDAR storm 
classification • Only a portion of the -52:52 by -40:40 km domain is shown. 


Contiguous and adjacent LDAR voiumes were then catered g neighbor become 
defined storms. LDAR volumes separated by ®re than j m software examines 

part of a separate storm, as depicted in Fl «f* * } ‘ ““ Z occupying less than 

the classified storms, discar* » a« ^eTo £nu?e SSg 9 1993, data 
4 km 3 , and numbers storms c °nsiste h Y th at sto rm number continuity could be lost 

between. 6 succ^ sive^ h'ours^ Software has now been implemented to number storms 
consistently throughout a multi-hour case. 

The .ton. numbering process uses the SSh'S^ 

position of the LDAR storm center or c *^° x **™ empirically invoked to 
In this procedure, certain time and sto^slh^t split or merge 

deal with numbering of intermittent LD centroid does not fall within 6 

LDAR storms are assigned a new nu^er if geir^entroia ^ ^ ThuSf a stor m 

km of the position of an existing f stom assigned either one of the 

resulting from a merger of two st orms ^^^“tjblorbing- a smaller one- 
existing storm numbers --in the . composite centroid was more than 6 km from 
or be assigned a new number—if the c p intermittent storms, a 

either of those of the previous storms, g JJJ* depth , volume, LDAR event 

oPSTSS. 5VS 

b. eouua u 6. 
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1.2 PAST RESULTS AND CURRENT OBJECTIVES 

This was the second summer of study involving research to utilize lightning 
detection and ranging (LDAR) data, together with companion data sets, aimed at 
developing rules, algorithms, and training materials that can be used by the 
operational weather forecasters who issue weather advisories for daily ground 
operations and launches by NASA and the United States Air Force. Research during 
1993 enabled the development of a computerized scheme for clustering the LDAR 
data into groups of data points associated with individual thunderstorms . (as 
described above) , tracking these LDAR-defined storms, and comparing the positions 
of the LDAR-detected lightning to those of other remote sensing systems. It was 
determined that LDAR-detected discharges aloft within the storm precede ground 
strikes by about 5 minutes in the region within 60 km of KSC, making LDAR a very 
useful tool for issuing very-short-term weather advisories and warnings . By rec- 
ognizing and including storm movement in a forecast scheme, mappings of current 
LDAR data points can be used to make forecasts of future cloud-ground strikes. 

Research during 1993 showed, however, that beyond about 10 minutes . areal storm 
growth and the development of new thunderstorm cells became increasingly 
important factors in the prediction of future lightning ground strikes. Hence, 
the focus of the 1994 research was to include a storm growth factor m the 
forecast scheme, and to begin to examine companion meteorological data sets that 
could ultimately be used in forecast schemes to help the forecasters anticipate 
new thunderstorm formation. In addition, forecasters, must determine when the 
lightning threat at a site has ended--a task made difficult because electrified 
anvil clouds are often left behind above a site long after the core of the storm 
has exited the region. Thus, work was begun to examine this problem. 

Research summarized in this report was conducted in parallel as four subprojects: 
(1) weather forecasting and advisory applications of LDAR, (2) LDAR in relation 
to field mill readings, (3) lightning flash and stroke detection using LDAR, and 
(4) LDAR in relation to radar reflectivity patterns and KSC .wind profiler 
vertical velocities. Each of these subprojects is summarized briefly below. 
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II. 


WEATHER FORECASTING AND ADVISORY APPLICATIONS OF LDAR 


2.1 POTENTIAL MESOSCALE AND SYNOPTIC CLIMATOLOGY APPLICATIONS 

Figure 2-1 shows a mapping of 

the -52:52 by -40:40 km domain during the nd ^ in l Y between the hours of 1500 and 
LDAR data from 13 days in June and J Y (minutes) with LDAR data above 

2100 UTC. Numbers represent the perc^tage of t (^ in frequency, such as the 

each 1 yf area of the domain - Dramatic _ scale importance of river 

couplet 15-25 km west ' a S? distributions on summer thunderstorm formation 

breeze circulations and land water dist Datte rn in this limited sample is 

in this area. While the detail in the pattern in tern nevertheless is 

undoubtedly impacted by ^dividuai case ^ u t ^ ie to deve iop more frequently over 
indicative of a general . tendency that the timing and pattern 

regions west of KSC. It is also ^o^ ( .g., tion Q f the prevailing wind 

of thunderstorm development is str ° a 9ly t d and w m be used together with 

Sacrradlrlnd 9 “s* aimed at improving prediction of 

thunderstorm format ion . 

2.2 LDAR LEAD TIMES 

The lead time between first appearance of ^AR event^^n a s were examined 

strike was computed in several ways. In the 199 3 stu< ^' were in the domain. 

that occurred during the *™*J™*J f ££ fg J? The sterns had ground strikes 
The average lead time as 5.26 minutes, anu xj. 
during the first minute of LDAR event existence. 

Once storms were ren^ered consistently throughout t ^ h ® e ® a ^® ut( i lead time, 
independently by hour) in 1994, tV r>i ca l Q f all new storm formations. To 

resulting in a larger sample and one into the domain, only LDAR storms 

avoid storms already in existence an g aq.aq bv -36*36. In addition, 

with centroids in a smaller domain were used : - ^ f rging Q r splitting 

storms -newly formed- by the oh ? ective scheme as ^ tesult ot m ^ 9 xisting 

liS r* S5i - ssr . 

It should be pointed out . that ^forscsste^s *wji=h 

times cited here pertain to the r ® y . fc Thus, LDAR more typically 

^fs^TongTr 6 ^^ by^ointing out that ^nde-to^ are developing 

within the region and may soon pose a threat 

2.3 EVOLUTION OP LDAR IN THUNDERSTORMS 

LDAR storms in the renumbered 1993 to^^Tm/ng Sithin 

features of LDAR pattern evolution. Starting wicnrne^^ ^ 59 by elim ination 
the network, as described above, the samp - ) of the remaining storms, 

S.-SE-iSSiSrs 

XSTFZSS: — h — 3 • 

A noticeable aspect of the LDAR i. s^orm ® 10 Q a pg S 0 f ^ ^veral minutes between 

^inJtes^f ol lowing the first minute of LDAR 
activity, and again during the last 10 minutes. 

LDAR events first occurred near 8 km ir L S ^°^ S no center ^ 5° ka^or 

center of storms' first LDAR events was 7 9 km with ^center ?-25 and 

above 11.25 km. Seventy-four percent 0 f in-cloud temperature of 

9.75 km. These altitudes suggest the importance of an in 
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Figure 2-1 
ute, using 


Frequency of lightning occurrence per square kilometer per min- 
LDAR data from the 1993 sample: 33 hours on 13 days. Numbers are 


in percent. 
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_ 15 to -20 -C. at which mixed-phase precipitation and electrification processes 
are likely. 

The individual LDAR storm tended 1 to grow vertical 

rapidly, expanding its areal cross-section y . factor Q f io by about 60 

minutes, a total factor of 5 by 20 minutes^ and t of storms with longer 

minutes. No distinct trend was seen in the limit convective event s can last 

durations. It should be pointed ou development of mesoscale 

much longer, and grow much larger, scale convective systems and known 

clusterings of cells into squall lines or mesoscale convec^^ y ^ individual 

to contain mesoscale circulation result in assignment of new storm 

Sj.=?!”“uSb£!X scheme . Thus, those mesoscale phenomena have 
been excluded from the composites. 

2.4 PREDICTION OP FUTURE GROUND STRIKES BY EXTRAPOLATION OF LDAR STORMS 
Based upon the 1993 sample, within the 

ground strikes fell inside the bounds of the LDAK def rned f St°rm £lashe s 

or within 2 km of the edge . The i 1 < atter location inaccuracies largely 

not detected at low levels by H?*? „ t rates decline markedly below 3 km, at 
attributed to LLP positioning. _,f return strokes at these levels 

least partly due to the increased 

which— due to their more continuous rather than puisea emissx 
are not amenable to detection by LDAR. 

*» extrapolation scheme was developed ir > SSSSKlSS 

Patras fh £2 

SSSt^i a hd new storm formation. 

During 1994 an additional factor was added to the 

expulsion (or occasional contraction) of storm area extrapol^ ^ 

storms' growth rate histories. The Tone as oossible if the storm was not 

time to the desired forecast period, or as long upon the rate of change 

‘n^w^n? ^ S L^ r %tir1»“4. 1PP x 1 »dTlre P otions^ expressed as 

percentage changes relative to the start time size. 

Table 2-1 show, the results of the augment^ 

of an areal expansion factor increased P times 9 The growth factor had 

within the bounds of the LDAR storm at 2 ^ 0 f storra edge for 

no effect on the percentage ® c *2^®? villded July modest improvements at 
forecasts of durations to 5 minutes, and yie Idea oniym ±ci * ion of non _ 

longer forecast inte^ais. ^e ^in J f new thunderstorm cells, 

sssr^itsfi zsjfgss&z ***- - th “ 15 ■‘ i " uc4s - 

2ss&.s=*sr& 

SSKti^ S} . SSfiftk'a- SSia 

couldbe °the" t future P posit ions S and^izes ^^^or^easily 

new thunderstorm formation was not accounted for. Of course, tnis is m 
assumed than achieved. 

The inference to be drawn from ^ 

to come early in the convective portion of the day, partioiiariy ^ one _ are 

forming U frequentlyt C ^After ^about °the f ”st 90 minutes of the convective period. 
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sufficient numbars of storms are in existence t^ir e«„poiation can lead 

to increased success rates, but perhaps never to a point of accept y 

20-30 minute forecast. 


TABLE 2-1 

PREDICTION OF FUTURE CG STRIKES BASED UPON 
EXTRAPOLATION OF EXISTING LDAR STORMS, 
WITH AND WITHOUT CONSIDERATION OF 
GROWTH/DECAY FACTOR OR AGE OF EPISODE 

% OF LLP EVENTS FALLING WITHIN PREDICTED AREA 


NO GROWTH FACTOR RECENT GROWTH 

EXTRAPOLATED 


FORECAST 

TIME 

INSIDE 

EDGE 

WITHIN 
2 km 

INSIDE 

EDGE 

WITHIN 
2 km 

3 min 

71 

88 

80 

87 

5 

64 

84 

74 

83 

10 

44 

67 

61 

72 

15 

31 

50 

49 

59 

20 

20 

35 

39 

48 

30 



23 

31 


2.5 GROUND STRIKES FROM ANVILS 

There is great interest in knowing when and if ground strike^ emanate from 

thunderstorm anvils, since they -^^storm has passed. A preliminary 

after the convective tower portion of the . t j? e f re quency of ground 

study was conducted using LDAR and LLP da a altitude corresponding 

strikes from anvils. This study was done by £ 0 LDAR 

situations. This project is described in section IV. 
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1 desired lead time 


LIMITING P . 0 . D 


IF NEW 


BEST POSSIBLE FORECAST OF FUTURE CG STRIKES 
BY DESIRED LEAD TIME AND STAGE OF EPISODE 
W CELL DEVELOPMENT AND MERGERS NOT CONSIDERED 


— r — 1 T T So ” 1 120 

TIME SINCE FIRST LDAR OF EPISODE (MIN) 


Figure 2-2. Hypothetical limits to accuracy of extrapolation forecasts of 
lightning ground strikes as a function of time since the first LDAR event m 
the domain and forecast duration. 
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III. LDAR IN RELATION TO FIELD MILL READINGS 
3.1 INTERCOMPARISON OF LDAR, LLP, AND FIELD MILL READINGS 

vertical electric fields at the surface are measured by an "old" and a new, 
upgraded network o£ electric field mills deployed over KSC and * u ^? : ‘Sings 
lower portion of Figure 3-1 shows a time senes of *l“trlc field ”^iS' 
These values are from old mill 20, just northeast of the central si 

Readings become increasingly negative as the negative charge center ^ £ iiesur face 
overhead or nearby thunderstorms, as shown through 2015 UTC A imes 

^s^ituSs r„d U :i:va?i»s U of a tL 8 o£gr=»?ers"; nearby°thunderstorms and 

field associated with lightning strokes and flas ^® a a j^ also register 
electric field readings, such as the spike near 2049 UTC. 

SSTthe fiJld P mill sit? to* the nearest \,DAR and U,p 0 lightning 
was" located°wes t of^cTnd^dfng sout^U 

9 25 km (5 n mi ) or more distant from the site. Several flashes al 

recorded directly overhead by LDAR, however, resulting . in d ?^ S t ^ t he ^nefrest 
mill trace In the figure, small squares at 15 km indicate that . . 

event ras at a distance of more than 15 km, whereas the absence of ^ d ata po 
InSicatlJ no events within the -52:52 by -40:40 km domain during the minute. 

3,2 CASE STUDY OP FIELD MILL LIGHTNING HAZARD THRESHOLDS 

The main emphasis of these intercomparison studies, which .are 

determine the threshold field mill values typically associatedwiththe beginning 

and end times of heightened ground strike threat at a site 91 jJne 9 1994 

lightning threat to a launched vehicle. In a case s from 21 J ^ e ”en 

Julian day 172, the average field mill reading was “1958 kV/m * t the 

LDAR events first came within 9.25 km (5 n.mi.) of a site, an 

time when LDAR events last were detected within that : A 

than +/- 1 kV/m is currently used as an indicator of lightning threat. 
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Distance from field mill 
to nearest LDAR event 


Distance from field mill to nearest LLP event 


LPLWS 20 


Field Mill reading 


kV/m 


21 

Time 


Sc? a-saiS s “ 

nearest LDAR and LLP lightning events. 
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IV. 


LIGHTNING FLASH AND STROKE DETECTION USING LDAR 


4.1 LIGHTNING FLASH/STROKE IDENTIFICATION ALGORITHM; NOISE IDENTIFICATION 

LDAR data are recorded sequentially in time, but more than one lightning stroke 
and flash cln be in progress and detected essentially simultaneously, from 
separate storms and even from within the same storm. A computerized scheme wa 
developed to separate a file of LDAR data events into numbered ^ 3 ^ 

points associated with distinct flashes (or strokes; for 

discussion below) . Data points falling within specified time and distance limits 
are classified as a distinct flash (or stroke) . 

The algorithm looks at each LDAR data point in the file, beginning JJJJj 

|Srforms nt a ’ £bS^i™'nsioMl ’’■bSdr” search, forward in time throu^ut the 

T £ Is^ifilny^rXlheTaU 

S2 fo^. lly ifToTSp& 

dlta points at forward times never are reassigned a different flash nun*er. The 
alaorithm continues with the third and all subsequent records until each data 
point in the file has been assigned a number. Additional options then permit 
renumbering to separate major flashes (affiliated with more than a s pecl£le a 
number of LDAR events), minor flashes, and noise (one event flash 

The distinction between a flash and a stroke is somewhat imprecise but the term 
flash is tvpically used to represent a time integral of about one half ' 

comparable^? o the image of lightning seen by the hmn eye orl ** lelde?^ one 
In realitv such a lightning flash is composed of a branching stepped leader, one 
Ir more :na turn strokes, and often a dart leader. Since LDAR does not normally 
detect return strokes, the -strokes' cited in this research take on a somewhat 
different meaning. 

Fioures 4-1 4-2, and 4-3 illustrate the implementation of the flash 

identf ication algorithm during one interesting minute m ”hich a 
identifiable in-cloud flash passed over K SC. Fig. 4 1 maps all the 
Doints during the minute 0106 UTC on day 154 of 1993. Figure 4-2 shows the data 
points clustered into a flash identified as number 2 (of 5< during the minute) by 
the algorithm when thresholds are set at 400 msec and 4.0 km. The flash consists 
of 737 LDAR data points. 


4.2 THRESHOLDS FOR FLASH AND STOKE DETECTION 

A detailed human inspection of the sequence of data points 

Fig. 4-2 reveals that this flash was comprised of several distinct branches or 
strokes, of which three were major. The first of these began just south of KSC 
and headed to the northwest, to near the northernmost point of the flash, 
before the first stroke terminated to the north, another major stroke! began near 
KSC and eventually reached the most northwestern point of the flash. inese 
Srofes we?e pvTnirily horizontal or upward. While the second major stroke was 
halfway to its western termination, the third major stroke began south of K |C and 
headed south and west, reaching the most southwestern point of the flash. 
Several smaller strokes were also identified in the region south-southwest of 
KSC. The use of 100 msec and 2.0 km thresholds resulted in two of the smaller 
strokes being identified as separate entities, as indicated in the figure, with 
a loss of 57 LDAR events. The use of 50 msec and 2.0 km thresholds divided this 
flash (and the several other flashes subjected to painstaking human inspection) 
into its distinct -strokes*. 
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Flash 2, Using 400 msec, 4.0 km thresholds 


•■i 

f. 


10 km 




separate strokes 
using 100 msec, 
2.0 km thresholds 


Six individual LDAR-detected 
strokes comprise the most 
distinctive flash of minute 
931540106. Using thresholds 
of 400 msec and 4.0 km yields 
737 LDAR events in the flash. 


separate strokes 
using 100 msec, 
2.0 km thresholds 


A/ 


Figure 4-2. Perspective view of flash 2 la These W thl?isholds 

events o£ Fig. 4-1, using-lOOmaecan . consisting o £ 737 LDAR events. 

^n^ts^rFig 1 " itstn^SS SiOis thresholds separates this 

ST in" ?wo flashes. losing the 57 LDAR events as annotated. 




Flash 4, Using 400 msec, 4.0 km thresholds 



iaure 4-3 Perspective view of flash 4 out of 5 major flashes within the 
vents of Fig. 4-1, using 400 msec and 4.0 km thresholds. Use of 100 msec and 
a W thJLvLi*,. aenarates this flash into two flashes, as depicted. 
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Figure 4-3 shows on. of the other flakes («-£ 

thresholds of 400 msec and 4.0 “J^Jrs 25 and 26 of the minute, as 

th. flash is divided 4»«>^ 0 ““f h e ^ sh ;^” u ld further suMivide the flash 

fSi^troh.°r s^af It tSfic 2 h °a£ ^^discernible in the f l3 ure . 

Motivation for development of the » ^ lash i^entif ^^ lon need* to isolate 

course of several of the subtasks research. ea g d flashes in order to improve 
flashes from anvil to ground ii ke s fr0 m anvils using LDAR. Time 

understanding of the ccourrence g after the algorithm was developed, but it 

did not permit a return to this tasK arter y 

will be pursued in the future. 

Another motivation was the ^st ion th^uthor of whethe^ major and minor 

^sranfrth^ 

relative likelihood of ground strikes from a storm. In practice, the 
the same storm, or as a function o threshold is set on the minimum number 

number of minor flashes depends P time and distance thresholds whxch, 

Sf LDAR events within the strokes. With 400 

when set small, tend to break _JV ^ 1Q% of t he events in the small sample studied 

?S e y“te d «f deified as Si?hin minor flashes. In some minutes the minor 
flashes are more prevalent. Additional study is needed. 
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V LDAR IN RELATION TO RADAR REFLECTIVITY PATTERNS 
!!nD KSC WIND PROFILER VERTICAL VELOCITIES 

5.1 INTERCOMPARISON OF LDAR TO RADAR 

Because the development of lightningis aff ll ion^rocess , tradar^wh^ch detects 
storm-scale dynamics of the precipitation w ithin stratiform and convective 

the location and approximate precipita t Radar data from the 

stormT s^ru^urad.^ and TffiaT evotut^ on an on g oin g case study 

basis . 

in studies performed thus far tLlTo^. "XI 

obtained, and software was wxtten the S ection for the same volume sampled by 
LDAR data points have been plotted in the ^sect ion ^ fche radar cross _ 

the radar, namely a strip 1.85 ta » (1 -.0 ' » .n •» pro g ressively increasing 

-«rs-s: 

composite , 355 , .^u a =h“?he»a d ^TsLS"£i» t =h at lower elevations. 

Figure 5-1 shows an ex»ple of .uch a cro.s-s.ctional ove^ay t^ 
does not reproduce well in black and white It is from a mac indicative 

1948 UTC on day 210, 29 July 1994 A A°Jf t fn the l^er between 4 and 9 km (13 - 

of heavy precipitation, is ^ uspe nded alof^ * associated with the storm. The 

29 kft) near the center of the radar P oartially truncated at the left edge 

tilt sequence does not reach elevation angle 
sufficiently near vertical to detect storm top. 

Also shown in Fig. 5-1, a vertical colunr, of LDM d«a points 

near the top of the reflectivity core at 8 lm to about 13 Km with the 

LDAR pattern begins to flatten int° a lumn between^ 8 and 13 km represents 

storm anvil. It seems likely that the LDAR colu^ between » centers of the 

in-cloud flashes between the aegative_ ^ the core of 

thunderstorm. The location of the ne 9 its affiliation with the mixed 

pIlirtLra^rs^per^oTe^ water^precipitation LD^poiSI 

ius 3 t ourside of Che 

heavy precipitation core. 

Graduate student Nathan Dr^ond obtained s^hoo^oTwine^an^Technology 

internet from Dave Pnegnitz of the South ig Lab of TE-CID-3 . 

and implemented it onto workstations , . gd arc hived Doppler radar data 

Nathan and graduate student Steve Hoffert o Hoffert converted LDAR data 

from the WSR-88D at Melbourne for several cases and d °“ e ^ s Because raw LDAR 

£ t : srs^s?s ^s^ass 

° £ depth 

0.75 km centered on the radar display altitude. 

Figure 5-2 shows an example of a radar 

day 210, 29 July 1994 at 7.0 km. This depicts the f.^^n^caJe downdraft 
with a thunderstorm that produced a Merritt Island about 25 minutes 

and near-surface outf low-which caused damage and slightly 

later. The LDAR events at this t* JHlect^SSf A younger cell just 

Sen^rreg^^VtivrS 


I I I 
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Day 210, Friday 29 July 1994, 1958 UTC 
CAPPI, 7.0 km 
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First LDAR with microburst storm 
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: CAP in :1 km) 
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|,i?wiiisii , iiii;.i,4^4 X!® 5ETT 7T 

I P.:?T LI'AP. , 1958:: 

: 7 K !-l > I 


LDAR slightly northeast 


of reflectivity core 


Ufl L. 




la^^triangles^at^^i^'from^WS^UTC^on^day^lO^^^July^lSS^^ 1 ^^^ 0 regions 
inside of white areas have highest reflectivities, about 60 dBZ. 
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Figure 5-3. Constant -altitude display of radar reflectivities with LDAR 
overlay at 6 km from 2153 UTC on day 210, 29 July 1994 at 6.0 km. Reflec- 
tivities are now mostly 40 dBZ or less, except in a 60 dBZ core offshore about 
10 km south of Cape Canaveral. A broad, diffuse flash extends to the west- 
northwest within quasi-stratiform echo rearward of that storm. 


Ln 
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• *TTt-v* t djvR overlay at a later tirne. 

Figure 5-3 shows an example of a ra ^ a £ h *^^ sode ma ny of the strong convective 
2153 UTC, at 6 km. At this stage ° f t h e remaining precipitation is becoming 

towers have weakened or disappeare , • organized into progressively more 

moS stratiform. LDAR activity is teanching flashes extending 

diffuse layers, with occasional q^as depic ted in the lower of the 

even tens of kilometers. One ^ in ass ociation with elect r i f ied cl°ud 

fioure. Presumably these flashes ffc behind after the active portions of 

lJ£rs generated earlier in the *ay a nd reg£>^ however, the pockets of higher 
the storms have decayed or exited the B fc that there may be pockets of 

upward*" ver hi cal *” velocity ^and^modes t charge generation processes m prog 
5.2 KSC WIND PROFILER VERTICAL VELOCITIES IN RELATION TO A LAYERED LDAR 
STRUCTURE 

type mentioned in discussion of Fig. cores Qf the manor cells of Fig. 

moved toward the north-northeast, such that fil located just east of the 

5-2 took a track passing west of the KSC «i P the time the wind 

north°end o£ th. stratified debris clouds east 

profiler site was under the influence 

of the thunderstorm cores. wind 

Figure 5-4 shows the t ime -he ight 3 Afternoon of 29 July 1994. 
Profiler site as a function of time during discernible upward velocities. 
Superimposed on the figure «e °utli muin upward an d downward vertical 

together with arrows showing [locations o utc, two layers of LDAR 

motions . During the period between l about £005 ' ^ tiroe . T he layers were 

events existed over the profiler site, to below 9 and 5 km, 

SS ^io £ 4 Uia 4t 

th. — al8 ' 

however . 1 oes 

Evident in « U that th. 

tmua?ed w?t“u^rS?r^ though soaewhat cellular updraft in 

there was a rather continued downward motion. descent rate was 

aSsociat^on with the LDAR indeed, that is the 

slower than ice crystal termi cellular updrafts within the quasi 

meteorological context . Th ® ^5®° the dynamics through which the layers were 
S:M‘SSci “ e ^ionai investigation is merited. 
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VI - CONCLUDING REMARKS 

The task of issuing lightning ^dvisories is problern'Ts ^ne^of 

diversity of situations. In some ia stan f the first thunderstorms cells 

ailtcSating the time and location will form near a forecast site 
of the day, or determining when t other times the problem is one of 

given that storms already exist elsewhere . t flanking cell development, or 
anticipaing the movement, growth, merg, . problem arises in knowing 

dissipation of existing thunderstoms. Ye^ another pro^^ ^ vertical ind 
when and if to cancel lightning mesosca ie convective systems, electrified 
variations or other factors or following the passage of de p 

clouds persist over a site adnacent forecast problem can evolve rapidly 

thunderstorm cells. Tl ?® different in one weather regime from another. The 
1oS=Isters d S t^e = " ngratulated for their successes in a diffrcult • 

operation.! weather forecasters . W™", wirt ' Ve^v^Sll^ *%£«! 

satellited WwS) . 

soundings, wind profiler, and even ^SSiion individually. Because of 

of these platforms can « contribut e useful forecasters often may not have time 

the deadlines of operational decision ma^g^ and complementary natures of 

to leisurely contemplate the interrelat J\- ne past ca ses for clues toward 

these diverse pieces of information, ®J\. research is to supplement the efforts 
future success. The goal of this ©”9 | oacheSr an d techniques involving 

of the forecasters by deveioping * d J^“ ul ' in Operational weather forecasting, 
diverse types of data fhat can b . given presentations to operational 

-t-als «« «• “ 

technology transition activities. 

The author looks forward to * performing 

Meteorology Unit, the Nationa meet i na 0 f the participants was held in ear y 

SST . ■ 
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